ObJEctIVE: Ghrelin, a potent stimulator of GH secretion, also acts as an orexigenic hormone. Plasma ghrelin levels rise before meals with postprandial reduction, suggesting that circulating levels of enteroinsular hormones might influence ghrelin secretion. AIM: the aim of this study was to evaluate the effects of ghrelin on enteroinsular hormones in healthy men. DEsIGN: three tests were performed on 3 different days in 6 healthy men: On the first day, saline was infused from 0-120 minutes followed by a ghrelin bolus (1 μg/kg) administration (test 1); on the second experimental day, GHrH was administered at 0 min, and a ghrelin bolus was given at 120 min (test 2); on the third experimental day, GHrP-6 was administered at 0 min, followed by a ghrelin bolus at 120 min (test 3). Plasma glucose, insulin, proinsulin, c-Peptide Glucagone Like Peptide one (GLP-1) determined at 0, 15, 30, 60, 90, and 120 min of the test period. rEsuLts: there was a significant increase in Auc glucose (526.41±22.91 mmol · ml -1 · min vs. 566.37±15.64 mmol · ml -1 · min; p<0.05) and Auc insulin (756.25±107.56 mu · ml -1 · min vs. 981.62±180.32 mu · ml -1 · min; p<0.05) and a significant decrease in Auc GLP-1 (2346.87±874.28 pmol · ml -1 · min vs. 1769.5±784 pmol · ml -1 · min; p<0.05) after ghrelin administration in test 1 compared to test 3. there was a mild but non-significant increase in Auc for insulin, proinsulin, and c-Peptide and a mild reduction in Auc GLP-1 after every ghrelin administration. cONcLusION: there was no evidence of a direct effect of ghrelin administration on enteroinsular hormone levels in this study. However, ghrelin may potentiate the glucose-insulin stimulatory effects of GHrP-6. More studies should be carried out for further evaluation of ghrelin-enteroinsular hormones interplay.
growth hormone (GH) secretagogue receptor type 1a (GHS-R) and one of the most potent stimulators of GH secretion. 1, 3 The highest concentrations of ghrelin are found in the oxynthic glands of the gastric fundus, while gastrectomy has been reported to reduce ghrelin plasma levels by 65-80%. 4, 5 Ghrelin also acts as an orexigenic hormone stimulating food intake. It decreases energy expenditure and fat catabolism and modulates, in an age and gender independent manner, the secretory patterns of somatotroph, lactotroph, and corticotroph cells. [6] [7] [8] Therefore, these findings may indicate a substantial role of the peptide in the control of food intake and energy metabolism. Plasma ghrelin levels rise shortly before meals, followed by a postprandial reduction at 60-120 min, possibly suggesting that circulating enteroinsular hormones, such as insulin, glucagon, Glucagon Like Peptide 1 (GLP-1), or local factors such as stomach distension, might influence ghrelin secretion. 10 Clamp studies suggested that hypo-and hyperglycemia do not influence ghrelin secretion, while hyperinsulinemia suppresses plasma ghrelin levels. 11 In contrast, other findings demonstrated that ghrelin is suppressed by OGTTinduced hyperinsulinemia and hyperglycemia, thus questioning the direct regulation of its metabolism by insulin and glucose. 12 It is noteworthy that only acylated ghrelin is endocrine active, whereas unacylated ghrelin, although 2.5-fold higher in serum, exerts some actions on the cardiovascular system and on adipogenesis. 13 It was shown that GLP-1 exerts a small but nonsignificant inhibition of ghrelin secretion from isolated rat stomach, most probably through an enhancement of somatostatin activity.
14 GLP-1, in contrast to ghrelin, induces satiety via a central mechanism in addition to its effects on insulin and glucagon secretion and on gastric emptying. 15 During the oral glucose tolerance test, GLP-1 and ghrelin are interrelated in an inverse manner. 16 The aim of this study was to further evaluate the complex interrelationship between ghrelin and hormones of the enteroinsular axis. To this end, we measured the levels of glucose, GLP-1, Insulin (INS), Proinsulin (PI), and C-Peptide (CP) during ghrelin, GHRH, and GHRP-6 (a hexapeptide belonging to the family of the synthetic GHRPs which possess a strong stimulatory effect on GH secretion) infusions in healthy men.
subJects and methods
In six healthy men (age: 32.17±8.42 years, BMI: 22.64±2.01 kg/m 2 ), three double tests were performed on three different days in random order, at least one week apart. After overnight fasting, an intravenous canilla was placed in a forearm vein and tests were started at 08.00h. On the first experimental day, saline was infused from 0-120 min. At 120 min a bolus of ghrelin (Europeptides, Argenteuil, France) was given at the dose of 1 μg/kg (saline-ghrelin test, Test 1). On the second experimental day the subjects were given Growth Hormone Releasing Hormone (GHRH 1-29 NH2, Geref, Serono, Madrid, Spain) at the dose of 1 μg/kg at 0 min. At 120 min a bolus (1 μg/kg) of ghrelin was given (GHRH-Ghrelin test, Test 2). On the third experimental day the subjects were given GHRP-6 (Clinalfa, Laufelfinger, Switzerland) at the dose of 1 μg/kg iv at 0 min followed by ghrelin bolus (1 μg/kg) administered at 120 min (GHRP-6-Ghrelin test, Test 3).
Informed consent was obtained from all participants.
Assays
Plasma glucose (Randox, UK, mmol/l) was analyzed by a glucose oxidase method. Plasma GLP-1 levels were determined by elisa (ELISA, Linco Research, USA, pmol/l). The inter-and intra-assay coefficients of variation (CV) were 6.1% and 4.7%, respectively. The normal range was 6-26 pmol/l. INS was determined by radioimmunoassay (RIA, INEP, Zemun, mU/l). The inter-and intra-assay CV were 4.8% and 6.2%, respectively, and the sensitivity of the assay was below 4 mU/ml. The normal levels for plasma INS were 5-25 mU/ml. Serum concentrations of PI were measured by elisa (ELISA, Linco Research, USA, pmol/l), the inter-and intra-asay CV were 4.3% and 6.7%, respectively. The normal levels of PI were 4-20 pmol/l and the sensitivity was 0.5 pmol/l. The C-Peptide (CP) levels were determined by radioimmunoassay (RIA, INEP, Zemun, nmol/l) and the inter-and intra-assay CV were found to be 4.8% and 6.6%, respectively. The sensitivity was 0.08 ng/ml at a 95% confidence limit. The normal levels of CP were 0.4 to 4 nmol/l. Sampling for the various determinations was carried out at time 0 and every 30 min for a period of 240 min.
Statistics
Results are presented as the area under the curve (AUC) and peak values (mean±SE). The incremental glucose insulin, CP, and GLP-1 areas under the curve (AUCs) during the various tests were calculated using the trapezoidal method (with substraction of individual baseline levels) from measurements obtained at the time points indicated above. Figure 2 . -1 · min) administration. There was no difference in AUC PI after ghrelin administration compared to AUC PI after GHRH (1248.87±331.04 pmol · ml -1 · min vs. 1834.93±788 pmol · ml -1 · min) and GHRP-6 (1312.35±330 pmol · ml -1 · min vs. 1274.39±382.56 pmol · ml -1 · min) administration. There was no significant difference in AUC PI after ghrelin administration between tests.
There was no difference in AUC CP after ghrelin administration compared to AUC CP after GHRH (192.25±15.73 nmol · ml -1 · min vs. 186.38±25.42 nmol · ml -1 · min) and GHRP-6 (244.50±42.51 nmol · ml -1 · min vs. 195.12±43.13 nmol · ml -1 · min) administration. There was no significant difference in AUC CP after ghrelin administration between tests. The AUCs for glucose, INS, and GLP-1 during all three tests are presented in Figure 3 .
There were no correlations between peaks and AUCs of glucose, GLP-1, INS, PI and CP after ghrelin administration in any of the three tests.
in the present study. However, there was a significant increase in AUC glucose and INS and a significant decrease in GLP-1 levels when ghrelin was administered after GHRP-6, compared to the ghrelin effect after saline infusion, pointing to an additive effect of GHRP-6 compound on ghrelin action in the enteropancreatic axis. There is accumulating evidence that ghrelin and GLP-1 are inversely related. In this line, in vitro studies showed suppression of ghrelin secretion after exposure of isolated rat stomach to GLP-1 perfusion. 19 These findings may also indicate that, apart from insulin, GLP-1 might be an important factor in postprandial inhibition of ghrelin levels. One possible mode of action could be via somatostatin, considering the fact that GLP-1 stimulates gastric somatostatin secretion. 20 In a recent in vitro study, it was shown that insulin and leptin inhibit ghrelin secretion in a dose-dependent manner, while glucagon increases it. 16 Analogous results were observed in clinical studies, showing lower ghrelin levels in insulin resistant states and obesity 12, 21 and demonstrating that insulin infusion further decreases ghrelin levels. 8, 9 In earlier studies with ghrelin administration, it was shown that ghrelin inhibits insulin secretion, 22 although a later study found stimulatory effects of ghrelin on insulin and gastrin secretion. 23 In a study conducted in gastrectomized patients, glucose disposal decreased during ghrelin infusion, whereas CP was more suppressed than in the controls and leptin rose significantly, indicating that ghrelin might be involved in the negative control of insulin secretion and glucose utilization in these patients. 24 Thus, there is evidence suggesting that ghrelin may modulate circulating glucose levels by releasing growth hormone, increasing insulin resistance, and stimulating gluconeogenesis and could be strongly involved in energy homeostasis. 25, 26 In conclusion, there was no evidence of any direct effect of ghrelin on the enteroinsular axis in this study. Bearing in mind the limited number of studies evaluating this problem and the fact that changes, albeit small, in glucose, INS, and GLP-1 levels were observed in this study after ghrelin was combined with GHRH-6 administration, further investigations should be conducted focusing on ghrelin-pancreas/gut hormones interplay.
dIscussIon
In our study we did not observe any effect of ghrelin administration on hormones of the enteroinsular axis as regards both peak and AUC values. We used a dose of 1 g/kg BW of ghrelin, i.e. the dose that is routinely used for GH stimulation. 17 According to pharmacokinetic data, peak value of ghrelin in the circulation, using this dose, is achieved after 15 minutes (total plasma ghrelin concentration 1058.7 fmol/ml), while the elimination time T1/2 amounts to 27-31 min. 18 Based on these data, the observation period of 120 minutes after ghrelin bolus was assumed to be sufficient to observe any stimulatory or inhibitory effect on the investigated parameters in our study.
There was a mild increase in AUC glucose and INS, PI, and CP and a mild reduction in AUC GLP-1 after ghrelin administration, but the differences were not significant. This lack of significance might be explained by the small number of patients involved 
